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METHOD AND DEVICE FOR DETERMINING
A CHANGE OVER TIME IN A BIOMARKER
IN A REGION TO BE EXAMINED

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to German applica-
tion No. 102012 209 059.2 DE filed May 30, 2012, the entire
content of which is hereby incorporated herein by reference.

FIELD OF INVENTION

[0002] The present invention relates to a method and a
device for determining a change over time in a biomarker in a
region to be examined of a patient from magnetic resonance
data.

BACKGROUND OF INVENTION

[0003] Biomarkers are characteristic biological features
which can be measured objectively and can point to a normal
biological or abnormal process in the body. A biomarker can
be cells, genes, gene products or certain molecules such as
enzymes or hormones. Complex organ functions or charac-
teristic changes in biological structures are used as medical
biomarkers. Reliable diagnosis of the disease is essential
especially in the case of chronic diseases, for the treatment of
which the patient potentially has to take medication, with the
corresponding side effects, for a number of years. In this
respect biomarkers are becoming ever more important
because they can secure a difficult diagnosis or even enable it
in the first place.

[0004] The treatment of psychiatric diseases such as
depression, states of anxiety, manias, schizophrenia, etc. con-
stitutes a considerable challenge. The positive effect of phar-
macological active ingredients such as (selective) serotonin-
re-uptake inhibitors (S)SRI), neuroleptica, etc. typically
requires several weeks to improve the symptoms and months
to years for healing. The dilemma arises therefrom for the
patient and doctor of weighing up the sometimes severe side
effects which worsen symptoms against the long-term effect
ofthe medication. Until now the success of forms of treatment
such as sport in cases of depression or anxiety states has been
difficult to measure and integrate in a treatment.

[0005] Various magnetic resonance imaging methods have
been evaluated in research which may be of significance to
diagnostics and differential diagnostics as well as to treat-
ment monitoring. Four magnetic resonance imaging methods
are briefly presented here.

[0006] 1. Resting state functional magnetic resonance
imaging (resting-state fMRI or rsfMRI) determines by means
of BOLD-EPI data the connectivity between individual areas
of the brain which are functionally connected to each other.
These different areas of the brain are called resting state
networks and communicate with each other, such as, for
example, the amygdala as the center of emotional processing,
the thalamus as the hub for the distribution of sensory input,
the hippocampus as short-term memory and learning or the
prefrontal cortex for conscious planning and control. There
are clear indications that the resting state fMRI method is
suitable for the single diagnosis of patients, i.e. the rs-fMRI
method has the stability and robustness required for a clinical
application.

[0007] 2. Arterial Spin Labeling (ASL) is a method of mag-
netic resonance imaging in which the perfusion in the human
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tissue is measured with an endogenous tracer—i.e. non-inva-
sively. ASL is based on the fact that the proton spins in the
blood of the arteries are magnetically marked upstream to the
imaging layer. ASL is also used for example to measure a
local increase in the blood perfusion in individual regions of
the brain.

[0008] 3. Morphometric methods in turn aim at measuring
the size of different regions of the brain. Treatments such as
the administering of SSRIs have the effect for example of
increasing the size of the amygdala, and this, in turn, can be
associated with emotional recovery.

[0009] 4. Magnetic resonance spectroscopy is also used to
determine conclusions about abnormal changes in individual
areas of the brain.

SUMMARY OF INVENTION

[0010] The object of the present invention accordingly con-
sists in disclosing a method and a device for carrying out the
method which dovetails a treatment of patient with at least
one biomarker or even a plurality of different biomarkers and
thereby constitutes the basis of effective magnetic resonance-
assisted treatment monitoring. In particular the change,
which occurs over time during the course of the treatment, in
the biomarker or biomarkers is to be robustly determined and
processed by a magnetic resonance system.

[0011] The objects are achieved by the features of the
claims.
[0012] Theinventive method for determining a change over

time in a biomarker in a region to be examined of a patient
from magnetic resonance data accordingly comprises the fol-
lowing steps:

[0013] a) exciting first magnetic resonance signals in the
region to be examined using a first magnetic resonance mea-
suring sequence for detecting at least one property of the at
least one biomarker in the region to be examined,

[0014] D) receiving first magnetic resonance data from the
region to be examined, wherein the first magnetic resonance
data contains a first item of information relating to the at least
one property,

[0015] c) extracting the first item of information relating to
the at least one property from the first magnetic resonance
data and producing a first biomarker value from the first item
of information,

[0016] d) storing the first biomarker value together with an
item of patient information,

[0017] e)in afollow-up examination exciting second mag-
netic resonance signals in the region to be examined using a
second magnetic resonance measuring sequence for detecting
the at least one property of the at least one biomarker in the
region to be examined,

[0018] ) in the follow-up examination receiving second
magnetic resonance data from the region to be examined,
wherein the second magnetic resonance data contains a sec-
ond item of information relating to the at least one property,
[0019] g) in the follow-up examination extracting the sec-
ond item of information relating to the at least one property
from the second magnetic resonance data and producing a
second biomarker value from the second item of information,
[0020] h) in the follow-up examination storing the second
biomarker value together with the patient information,
[0021] 1)determining a change between the first and second
biomarker values using the patient data and

[0022] j) storing or outputting the change.
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[0023] The inventive device accordingly comprises a mag-
netic resonance device which comprises measuring
sequences and protocols for measuring at least one biomar-
ker, a control unit connected to the magnetic resonance device
and which is designed to evaluate the at least one biomarker,
a data memory, connected to the control unit, for storing a
result of the evaluation of the biomarker, wherein during a
follow-up examination the control unit is also designed to use
at least one previous result from the data memory for deter-
mining a quantitative change in the at least one biomarker.

[0024] The method disclosed above and the device dis-
closed above prescribe for the first time a technical solution as
to how a change in the biomarker, which occurs over time
during the course of the treatment, can be robustly determined
and processes with the aid of a magnetic resonance system.

[0025] The inventive method is basically suitable for treat-
ment monitoring or the diagnosis of all changes in a living
body which can be detected by means of magnetic resonance
technology. This includes follow-ups over time of biomarkers
in the case of psychiatric diseases, such as depression, anxiety
states, manias, schizophrenia, etc., in the case of degenerative
neurological diseases, such as Alzheimer’s disease, in the
case of obstructive lung diseases (COPD=chronic obstructive
pulmonary disease) and asthma.

[0026] The biomarkers, which may be determined by
means of magnetic resonance technology and are suitable for
verifying psychiatric diseases, include by way of example
what are known as functional resting state connectivity, arte-
rial spin labeling (ASL), spectra of one or more voxel(s) and
the morphometry of one of more organ(s).

[0027] In an advantageous embodiment the information
stored in the database is used to carry out the follow-up
examination in a simplified manner. Therefore shift schedul-
ing for example can be omitted in that the parameters of the
selected shifts in the previous examination can be used again
in the follow-up examination, or only certain areas can be
measured which were already identified in the first examina-
tion. Measuring time can be saved as a result. If position and
volume of the amygdala for example has already been seg-
mented and measured in the first examination, a morphologi-
cal magnetic resonance examination can be restricted to this
volume in the follow-up examination and does not need to
measure any data relating to the remainder of the brain.

[0028] In a further embodiment the database is preferably
set up such that it can be reached via the Internet so different
examination centers can access the data if, for example, the
follow-up examination is carried out in a different hospital.

[0029] One example from the field of psychiatric diseases
should clarify the mode of operation of the invention. In a first
examination a reduced connectivity strength Si between two
regions of the brain is established by means of resting state
functional MRI (rstMRI) and, moreover, the volume of the
amygdala is measured at a number V1. In a follow-up exami-
nation, for example after four weeks, the magnetic resonance
data is calibrated patient-specifically in a manner identical to
the magnetic resonance data of the first examination. Mor-
phological volume data for example are therefore imaged
rotatorily and translationally onto each other and the func-
tional data of individual areas of the brain similarly corrected
therefore in their relative position. This achieves two advan-
tages: firstly, exactly the same areas of the brain are compared
with each other longitudinally and secondly, the changes can
be expressed relative to each other, i.e. for example S1/S2 or
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V1/N2. Relative changes in the biomarker values individual
to the patient can be robustly determined thereby.

[0030] The device advantageously also includes a unit for
producing a report which describes the change over time in
the biomarkers. A summary on the healing progress or the
effectiveness of the treatment can be made therefore, with the
medication or other information from questionnaires also
being used. These statements can be stored in the database,
anonymously as well, to gain further knowledge, for example
for the carrying out of clinical studies. Additional data may
also be stored in the database for this purpose, for example
clinical scores for evaluation of the severity of the disease or
for the medication.

[0031] Ina further embodiment the evaluations of an expert
system are supported which is trained with the aid of the
information contained in the database. Correlations of biom-
arkers and treatment success are automatically determined
and statistically evaluated for this purpose, for example by
Bayesian networks or Support Vector Machines (SVM). With
the aid of these models the system calculates probabilities of
success for the treatment for future patients on the basis of
magnetic resonance measurements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Further advantageous embodiments of the inven-
tions are characterized by the dependent claims and also
emerge from the following description of exemplary embodi-
ments with the aid of three figures, in which:

[0033] FIG. 1 shows in an overview fundamental compo-
nents of an embodiment of the inventive device for determin-
ing a change over time in a biomarker in a region to be
examined,

[0034] FIG. 2 shows the construction of a data memory for
storing biomarker values and additional patient-based data,
and

[0035] FIG. 3 shows the fundamental method steps of an
embodiment of the inventive method of a change over time in
a biomarker in a region to be examined.

DETAILED DESCRIPTION OF INVENTION

[0036] FIG. 1 shows an overview of the fundamental com-
ponents and their functional connections of a device for deter-
mining a change over time in a biomarker in a region to be
examined. A diagnostic magnetic resonance device 2 is
designed to carry out a specific magnetic resonance measur-
ing sequence with which a property of a biomarker or even a
plurality of biomarkers can be detected. Suitable magnetic
resonance measuring sequences include BOLD-EPI
sequences, wherein BOLD stands for “Blood Oxygen Level
Dependent”, Arterial Spin Labeling sequences, and also T1-
or T2-weighting imaging measuring sequences as the basis
for subsequent morphometric evaluations. Spatially-resolv-
ing spectroscopy measuring sequences are also suitable for
detecting properties of biomarkers.

[0037] A control unit 4 is connected to the diagnostic mag-
netic resonance device 2. The control unit 4 is designed to
evaluate at least one biomarker from the magnetic resonance
signals received from the magnetic resonance device 2. As
has already been mentioned in the introduction, the biomar-
kers which can be evaluated include the resting state connec-
tivity, a local increase or reduction in blood perfusion, the size
of a certain region, etc.
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[0038] The control unit 4 is connected by a data network 6
to a data memory 8. The data network 6 allows secure trans-
mission of the values of the biomarker, determined by the
control unit 4, to the data memory 8. In addition, image data
reconstructed from the magnetic resonance signals and fur-
ther patient data are transmitted via the data network 6 and
stored in a database in the data memory 8 together with the
biomarker values.

[0039] FIG. 1 shows another magnetic resonance device
2A and another control unit 4A which are connected to the
data memory 8 via the data network 6. The function of the
magnetic resonance device 2A corresponds to the function of
the magnetic resonance device 2 and the function of the
control unit 4A corresponds to that of control unit 4. Further
examination centers may be provided with additional mag-
netic resonance devices and a respectively associated control
unit and these can all access the data memory 8 via the data
network 6. The examination centers or control units 4 and 4A
are preferably connected by the Internet to the data memory 8.
[0040] A fundamental function of the embodiment of the
control unit 4, the additional control unit 4A, the magnetic
resonance device 2 and the additional magnetic resonance
device 2A shown in FIG. 1 consists in that measuring param-
eters, which have been used in the applied magnetic reso-
nance measuring sequence, are passed to the data memory 8
via the data network 6 and are stored there together with the
biomarker values, the patient data and image data in a data
record. These measuring parameters can then be retrieved for
use in a follow-up examination. A bidirectional flow of data
between the magnetic resonance device 2, control unit 4 and
data memory 8 is achieved therefore. Furthermore, it is also
possible for measuring parameters, which were used by a first
examination center in the initial examination, to be used by a
second, different examination center in the follow-up exami-
nation. By way of example, measuring parameters used by the
magnetic resonance device 2 are then used in the follow-up
examination to control the magnetic resonance device 2A.
[0041] As already touched on briefly above, in the embodi-
ment of the inventive device according to FIG. 1 the data
memory 8 is organized as a database and comprises a large
number of data fields 10. The structure of the data memory
will be described below with the aid of FIG. 2.

[0042] One or more data field(s) is/are provided for storing
patient data 12. This includes by way of example a patient
identification number, name, age, gender, etc. The measuring
parameters 16 used and a time stamp are also stored in the
data memory 8 in addition to the image data 14 reconstructed
from the magnetic resonance signals. Biomarker values 18 of
the evaluated biomarkers are also stored in the data memory
8. Owing to the variety of biomarker values, such as volume
size of an area, connectivity, perfusion, etc., this field in
general also comprises a plurality of individual fields. In
addition there is/are one or more data field(s) available for
storing a medication 20. Further data fields are reserved for
storing data collections and evaluations within the framework
of clinical studies 22. Evaluation modules are connected to
the data memory 8 for this purpose, and these have access to
the correspondingly required data, optionally also anony-
mously.

[0043] Finally, there is also the possibility of outputting the
data stored in the data memory 8 in the form of reports 24,
optionally also in a prepared format.

[0044] FIG. 2 shows another extension of the data memory
8 with which complex evaluations of the large number of data

Dec. 5, 2013

stored in the data memory 8 are possible. An expert system 26
is therefore connected to the data memory 8, and this auto-
matically determines and statistically evaluates correlations
of' biomarkers and for example treatment success. The expert
system can be implemented by Bayesian networks or support
vector machines. The advantage of such complex evaluations
lies in particular in that models for courses of treatment can be
created in a course of treatment module 28 and be continually
improved on the basis of a great deal of different data. The
models can be stored in the course of treatment module 28 or
in the data memory 8 or even an additional data memory (not
shown). With the aid of the models the course of treatment
module 28 determines probabilities of success of a certain
treatment for future patients on the basis of current data,
which probabilities can then be retrieved via the data network
6.

[0045] FIG. 3 shows the fundamental method steps of an
embodiment of the present invention. A first examination 30
of the patient begins in the magnetic resonance device 2,
already described in the introduction, after the capture of
fundamental patient data. The first examination 30 includes
an excitation of first magnetic resonance signals 32 with a
magnetic resonance measuring sequence which is designed to
detect a characteristic property of a biomarker. Magnetic
resonance data modulated by the characteristic property is
thenreceived in method step 34. In method step 36 the control
unit 4 extracts first biomarker information which is then quan-
tified. In method step 38 the quantified biomarker information
or one or more biomarker value(s) are then stored together
with patient data 14 in the data memory 8.

[0046] After a specified period of, for example, four weeks
a follow-up examination 40 is carried out. For this purpose
measuring parameters 16 used in the first examination 30 are
retrieved from the data memory 8 and used for the follow-up
examination 40. Analogously to the first examination 30 the
follow-up examination 40 also includes an excitation of, in
this instance, second magnetic resonance signals 42 with the
magnetic resonance sequence which is designed to re-detect
the characteristic property of the biomarker determined from
the first examination. Second magnetic resonance data modu-
lated by the characteristic property is then received in method
step 44. In method step 46 the control unit 4 then extracts
second biomarker information which is then quantified. In
method step 48 the quantified second biomarker information
is then stored together with patient data in the data memory 8.

[0047] A quantitative change is then determined from first
and second quantified biomarker information in the control
unit 4 or 4A and stored in the data memory 8 and also output
by the controller 8.

[0048] Alternatively the quantitative change in the biomar-
ker values can also be determined in a central evaluation
associated with the data memory 8 but not shown here. The
change is then stored in the data memory 8 and can be
retrieved by an authorized examination center.

[0049] As already described with the aid of FIG. 2, addi-
tional data is stored together with the biomarker values 18 or
the quantified biomarker information in the data memory 8,
but this is not shown again in FIG. 3 for reasons of clarity.

1. A method for determining a change over time in a biom-
arker in a region to be examined of a patient from magnetic
resonance data, comprising:
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exciting a first magnetic resonance signal in the region
using a first magnetic resonance measuring sequence for
detecting at least one property of the biomarker in the
region;

receiving a first magnetic resonance data from the region,

wherein the first magnetic resonance data comprises a
first item of information relating to the at least one prop-
erty;

extracting the first item of information from the first mag-

netic resonance data and producing a first biomarker
value from the first item of information;

storing the first biomarker value together with patient

information;

exciting a second magnetic resonance signal in the region

using a second magnetic resonance measuring sequence
for detecting the at least one property of the biomarker in
the region in a follow-up examination;
receiving a second magnetic resonance data from the
region in the follow-up examination, wherein the second
magnetic resonance data comprises a second item of
information relating to the at least one property;

extracting the second item of information from the second
magnetic resonance data and producing a second biom-
arker value from the second item of information in the
follow-up examination;

storing the second biomarker value together with the

patient information in the follow-up examination;
determining a change between the first and the second

biomarker values using the patient information; and
storing or outputting the change.

2. The method as claimed in claim 1, wherein the first and
the second image data are respectively reconstructed from a
first and a second magnetic resonance data, and wherein the
first or the second image data are stored together with the first
or the second biomarker value and the patient information.

3. The method as claimed in claim 1, wherein parameters
used during the first magnetic resonance measuring sequence
are stored together with the first biomarker value and the
patient information, and wherein the parameters are used
again during the second magnetic resonance measuring
sequence.

4. The method as claimed in claim 1, wherein the extracted
first item of information is stored together with the first biom-
arker value and is used again during the second magnetic
resonance measuring sequence in the follow-up examination.

5. The method as claimed in claim 1, wherein the storage
occurs on a central data memory via a data network.
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6. The method as claimed in claim 5, wherein the data
network is Internet.

7. The method as claimed in claim 1, wherein the biomar-
ker is a correlation between individual areas of the patient’s
brain, and wherein the magnetic resonance measuring
sequence is designed as a resting state magnetic resonance
sequence.

8. The method as claimed in claim 1, wherein the biomar-
ker is a perfusion behavior in individual areas of the patient’s
brain, and wherein the magnetic resonance measuring
sequence is designed as an Arterial Spin Labeling sequence.

9. The method as claimed in claim 1, wherein the biomar-
ker is a morphology of an area of the patient’s brain, and
wherein the at least one property is the size of the area of the
patient’s brain.

10. The method as claimed in claim 1, wherein the first and
the second magnetic resonance data are calibrated with each
other before the extraction.

11. The method as claimed in claim 1, wherein the first and
the second magnetic resonance data are imaged rotatorily and
translationally onto each other.

12. The method as claimed in claim 1, wherein further
patient information is received in a data memory and can be
retrieved together with the change.

13. The method as claimed in claim 12, wherein an expert
system is connected to the data memory and is trained by data
stored in the data memory and/or evaluations in a correlation
of the biomarker and a treatment.

14. A device for performing a method as claimed in claim
1, comprising:

a magnetic resonance device that measures the biomarker;

a control unit connected to the magnetic resonance device

and adapted to evaluate the biomarker; and

a data memory connected to the control unit for storing

results of the evaluation,

wherein the control unit is adapted to use at least one

previous result of the evaluation from the data memory
to determine a quantitative change in the biomarker dur-
ing a follow-up examination.

15. The device as claimed in claim 14, wherein the control
unit is adapted to use at least one previous item of image
information from the data memory to determine the quanti-
tative change in the biomarker during the follow-up exami-
nation.



